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Abstract 
Envisioning socioeconomic systems as metabolic systems allowed Georgescu-Roegen to build a 'flow-fund' model of production. 
Striving to implement Georgescu-Roegen’s bioeconomic paradigm some of his followers designed a method of meta-analysis (as 
a higher level of analysis) of the socioeconomic metabolism subject to the laws of thermodynamics called Multi-Scale Integrated 
Analysis of Societal and Ecosystem Metabolism (MuSIASEM). The resulting multi-scale integrated analytical toolkit was 
devised to investigate tradeoffs and synergies between different development goals. This paper introduces the basic MuSIASEM 
terminology and investigates the use of this approach to analyze the multidimensional concept of poverty, concept essential to a 
sustainable economy. 
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1. Introduction 
The starting point of this paper lies with Nicholas Georgescu-Roegen’s bioeconomic ideas, with his way of 
envisioning economic theory on a thermodynamic basis (accepting the entropy law and the irreversibility of the 
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arrow of time) rather than mechanistic (as an embodiment of the principle of action and reaction and reversibility).It 
is an effort aimed at relating this world view with economic modelling and forecasting.  
The current approach in economics is, for the most part, to treat poverty in relation to the standard of living 
expressed as the amount of money that can buy a certain minimum basket of goods and services. Advancing a step 
further, the thermodynamic approach considers the economy as an integral and viable part of the biosystem with its 
own metabolism (the set of processes transforming energy and materials necessary to sustain its existence) and 
encourages the development of a society fed by a cleaner agriculture (preferably organic), almost completely 
integrated with the rest of the ecosystem and producing a minimum amount of waste, combined with an education 
system that promotes a lifestyle that safe guardst he good health. 
We believe the discussion regarding household (viewed as institution) or individual poverty, its evolution and the 
possible solutions should be based on an integrated examination of several aspects (multi-scale) using Multi-Scale 
Integrated Analysis of Societal and Ecosystem Metabolism (MuSIASEM). These issues are part of (or lack of) the 
foundation of economic theory which, unfortunately, led to the modern lifestyle that has proved to be unbalanced 
and anti-nature through over-production, excessive consumption, conspicuous consumption and threatening to 
completely destroy the viability of sustainable, durable and bio-integrated societies while also providing a balanced 
and healthy life. 
The rest of the paper is organized as follows: Section 2 presents the bioeconomic paradigm and the flow-fund 
model framework. Section 3 discusses the extended MuSIASEM when considering poverty as a state with a slower 
socioeconomic metabolism. Section 4 concludes. 
2. The bioeconomic paradigm and the flow-fund model framework 
While constructing his bioeconomic program and the associated paradigm, Georgescu-Roegen (1971) was 
compelled to consider the conceptual difference between agricultural and industrial processes that cannot operate 
according to the same economic laws (Giampietro, 2003). He saw the philosophy of the industrial town as different 
from that of the agricultural village to be linked to two types of constraints, one corresponding to “inert matter” 
impacting Homo faber, and the second one corresponding to the “living Nature” which impacts Homo agricola. 
One direct consequence of this separation is that socioeconomic metabolic analysis is forced to make the 
distinction between the economic processes at a village level and at the urban, industrial level. Therefore, and 
Georgescu-Roegen could not stress it more, it is imperative to make explicit the analytical boundaries in order to 
define the relation between flows and funds for the metabolic system under consideration. Only after identifying the 
elements that are maintained and the elements that enter and exit the system an analysis is possible. 
Envisioning the functioning of socioeconomic systems as metabolic systems prompted Georgescu-Roegen to 
conceive the ‘flow-fund’ model of the production process, where the‘funds’are elements whose identity remains 
unchanged during the economic process (they define the system in the model) and ‘flows’ that are produced or 
consumed during the economic process (they define the interactions of the system in the model). Flows are, among 
other, money, energy and materials flows. Related to the concept of 'funds', Giampietro, Mayumi and Sorman give 
more details: 
model fund elements are metabolic converters, they must be able to maintain and reproduce themselves in 
order to keep their original identity. Thus fund elements entail (1) an overhead, for their maintenance and 
reproduction, (2) a definition of what should be considered as an admissible input  their identity entails 
that they can only metabolize a specified type of inputs  and (3) a set of biophysical constraints on the 
relative pace of conversion of metabolized flows. Their identity can be associated to an expected power 
level and efficiency of conversion.  (Giampietro et al. 2012, p. 384) 
Significant efforts for implementing the bioeconomic program proposed by Nicholas Georgescu-Roegen were 
made by Mario Giampietro (Professor with UniversitatAutónoma Barcelona, Spain) and Kozo Mayumi (a former 
graduate student of Georgescu-Roegen and professor at the University of Tokushima, Japan) who have developed 
MuSIASEM based on bioeconomic concepts ability to integrate monetary flows with material flows and energy 
flows to provide a bridge between economic, environmental, social and demographic analysis (Giampietro et al., 
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2012). 
Scheidel (2013) emphasized how the flow-fund framework originally designed to describe the economic 
production process was further applied by Giampietro and Mayumi (Giampietro et al., 2000, 2009, 2012) to describe 
the processes of consumption and distribution as flows necessary to maintain the identity of a socioeconomic system 
defined by funds. In their view, labour time as a fund consists of total human activity including activities such as 
sleeping, household work, leisure, culture and education. In what regards the land fund, they include not only the 
land in production, but also the land required for ecological regeneration and recreational uses. Thus, funds become, 
when carefully and clearly defining the analytical boundaries, both productive assets and elements that consume the 
flows within the economy (at a disaggregated level such as a household or at an aggregated level such as a nation). 
Figure 1 presents the first three levels of the hierarchical MuSIASEM meta-analysis, each one of them with its 
own socioeconomic metabolism (for simplicity, in this sketch, we do not represent the surrounding and all-
encompassing environment): 
 
 
Fig.1.Sample of MuSIASEM hierarchical levels 
Although the limited extent of this paper prevents us from presenting in more detail the structure and operation 
of the MuSIASEM approach, it is instructive to introduce the basic terminology.  
Exosomatic energy is the energy used by man outside his body (in the socioeconomic and environmental 
metabolism). The external metabolism complements the end osomatic metabolism that is associated with the 
energy/matter processed within the human body. 
Table 1 presents a selection of the most important MuSIASEM intensive variables. This set of variables is 
extremely important since it allows for comparisons among various hierarchical levels of the same system (different 
types of households, towns or villages) or for the same level but for systems of different sizes (various countries). 
Table 1. Sample of MuSIASEM intensive variables 
INTENSIVE VARIABLE NAME DESCRIPTION UNIT 
EMRSA 
Exosomatic Metabolic Rate 
for Societal Average 
Amount of energy used per 
hour of human time for the 
whole society 
MJ/hr; TET/THA 
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Source:  Adapted after FP7-SSH-2007-1 SMILE. (2009). Report of the Romanian case study, Deliverable 9, WP 3, pag.6-7 online 
http://www.smile-fp7.eu/deliverables/SMILE%20D9%20Romanian%20case%20study%20report.pdf 
 
Human Activity is a set of extensive variables representing the number of hours the population under 
consideration consumes for performing tasks (HAi). Starting with the ‘flow-fund’ model, the MuSIASEM approach 
is centered on expressing quantities used per hour of human activity and not per person as in standard economic 
theory. Productive activities, consumption and leisure occupy all 8760 hours available to each person during a year 
(24 hours  365 days). Multiplied by the number of people in a country is the national fund of available time for one 
year. Total Human Activity (THA) corresponds to the entire population (level n). At the next level (level n-1), time is 
divided between paid employment (HAPW) and household activities (HAHH). At the third level (level n-2), the time 
paid is divided between activities in different sectors: agriculture (HAAG), industrial production (HAPS) and business 
and government (HASG). Time allotted to paid activities in each sector is the product of the number of workers in 
each sector and the number of workers in each sector and the number of hours worked per year. 
Saturation Index of Human Activity (SIHA) is the share of total human activity (THA) spent for paid activities 
(HAPW). 
Energy Throughputis a set of extensive variables indicating the exosomatic energy (in Joules/year) consumed at 
each level (ETi). For level n, entire country, Total Exosomatic Throughput (TET) represents the final energy 
consumption (in Joules/year). 
Saturation Index of Exosomatic Energy Throughput(SIET) is the share of total exosomatic throughput (TET) 
consumed for paid activities (ETPW). 
Exosomatic Metabolic Rate (EMR) is the exosomatic energy consumed for one unit of human activity.  At level 
n, Exosomatic Metabolic Rate on Average for Society (EMRAS) is the ratio between TET and THA. Exosomatic 
Metabolic Rate for compartment/sector i (EMRi) for lower levels−n-1,n-2 ş.a.m.d.−is the ratio between ETişiHAi.  
If the system to be analyzed is considered as a ‘black box,’ the multi-scale integrated approach offers the 
possibility of opening it up to identify the components and hence analyzing across scales, which is the real 
advantage of MuSIASEM in comparison to an aggregated approach.  
1  uETiEnergyIntensity EMRi iGDP ELPi i
 (1) 
EMRHH, EMRPW (EMRAG, 
EMRPS, EMRSG) 
Exosomatic Metabolic Rate 
for  compartments (sectors) households 
and paid work (agriculture, industrial 
sectors, services and government) 
Amount of energy used per 
hour in each sector MJ/hr; ETi/HAi 
ELPSA Economic Labour Productivity 
Amount of value-added 
produced per hour of human 
time for the whole society 
$/hr; GDP/THA 
ELPPW (ELPAG, ELPPS, 
ELPSG) 
Economic Labour Productivity for Paid 
Work compartment sectors (agriculture, 
productive sectors, service and 
government) 
Amount of value-added 
produced per hour of work spent 
in each sector 
$/hr; GDPi/HAi 
EISA Energy Intensity Societal Average 
Energy Consumed per unit of 
value-added generated J/$; TET/GDP 
EIPW (EIAG, EIPS, EISG) 
Energy Intensity for Paid Work 
compartment sectors (agriculture, 
productive sectors, service and 
government) 
Energy Consumed per unit of 
value-added generated for each 
sector 
J/$; ETi/GDPi 
EESA Energy Efficiency Societal Average 
Economic productivity measured 
in energy terms $/J; GDP/TET 
EEPW (EEAG, EEPS, EESG) 
Energy  Efficiency for Paid Work 
compartment sectors (agriculture, 
productive sectors, service and 
government) 
Amount of value-added 
produced per unit of energy 
consumed in each sector 
$/J; GDPi/ETi 
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For example, in equation (1),energy intensity of a sector, industry or firm(i) is subjected to a one level 
MuSIASEM multiplicative decomposition(see Table 1 and Iorgulescu et al., 2009). For the complex issue of 
reducing energy consumption per sector/industry/firm, this approach provides a deeper insight and reveals the 
connections to specific labour markets and production processes (and to their specific ‘metabolism’). 
3. Slower socioeconomic metabolism, poverty and extended MuSIASEM 
With sustainability issues at stake and the need to design functional policies, the MuSIASEM approach allowed 
for a toolk it capable of assessing the tradeoffs and synergies between different development goals to be assembled 
and integrated within the conceptual framework of the UN Millennium Ecosystem Assessment (MEA) which 
considered the consequences of ecosystem change for human well-being and the scientific basis for action needed to 
enhance the conservation and sustainable use. 
Besides the general agreement that poverty is a multidimensional concept, past decades saw the rise of 
economists’ interest in Amartya Sen’s ground-breaking ‘capabilities approach’ in which poverty is understood as 
deprivation of capabilities. Due to this conceptual complexity and to the prospect of various stakeholders holding 
different views, for quantitative analyses it is vital to be very specific when defining poverty. In this paper, poverty 
is regarded as a reduction of the socioeconomic metabolism due to reduced exosomatic energy consumption and to 
an increased amount of time spent to provide basic necessities or other goods. 
When designing the MuSIASEM−poverty extension, Table 1 is expanded to include indicators that assess the 
modified socioeconomic metabolism of households/individuals experiencing various types of deprivation and 
reduced capabilities due to poverty (reduced access to clean water, food, shelter, utilities, employment, education, 
safety etc.). Analysing poverty using our approach applies the MuSIASEM multiplicative decomposition (similarly 
to equation (1) for production processes) to open the ‘black-box’ of socioeconomic and environmental impacts. We 
consider the extended ‘circular flow’ diagram designed by Daly (1995) based on Georgescu-Roegen bioeconomic 
paradigm to describe the flows connecting households and the rest of the economic system (showing the 
corresponding one-way entropic flow from environmental sources, consumershouseholds and firmsto 
environmental sinks and the circular flow firmshouseholdsfirms).Confirming the old adage ‘one picture is worth 
1000 words,’ Figure 2 reveal ssome of the hidden connections encompassed by the complex concept of ‘poverty’. 
This extension of the analysis also takes note of Giampietro’s (2003) observation that, due to socioeconomic 
metabolic differences, the funds and the flows required to alleviate poverty within a household differ from those 
required at the national level. 
The concept of bio-economic pressure (PBE) enables MuSIASEM type scenarios for poverty reduction and its 
impact on the entire or partial socioeconomic system evolution using: 
the existence of a link between changes in the economic performance of an economy and changes in the 
metabolic pattern of society. An increase in the monetary flows within the economy having the goal of 
increasing the “enjoyment of life” of the members of a society, induces, as a side-effect, an increase in the 
intensity of the throughputs of matter and energy per hour of labour in the “productive sectors” of the 
economy. The label “productive sectors” includes the primary sectors (agriculture, forestry, fisheries, 
energy and mining) plus the secondary sector (building and manufacturing). In plain terms this means that a 
richer society will demand more services and will work less because of ageing, increased education and 
leisure time. Facing these changes the productive sector must be able to supply a larger amount of products, 
energy and materials to the rest of society using only a very limited amount of work hours.(Giampietro 
2012, p. 382) 
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Source: Scheidel et al. 2010, p. 20 
Fig. 2. Poverty,MuSIASEMand the Conceptual Framework of the Millennium Ecosystem Assessment (MEA) 
Due to space constraints we cannot present here an extensive application of poverty extendedMuSIASEM but 
we feel compelled to briefly mention the example of the exosomatic metabolic impact of reduced access to clean 
water associated with poverty or vice-versa the impact an increasing level of poverty can have on water resources. 
The foundation for the analysis of societal and ecosystem water metabolism was already set in place by Madrid and 
Cabello (2011) based on the MuSIASEM approach. They emphasize two conceptual facets of ‘water’ found in 
multi-scale metabolic studies that connect to our poverty analysis: “a flow-element when considering the metabolism 
of social systems (at a small scale, when describing the water metabolism inside the society) and a fund-element 
when considering the metabolism of ecosystems (at a larger scale when describing the water metabolism outside the 
society)” (Madrid and Cabello 2011, p. 3). This foundation supports the poverty extendedMuSIASEM analysis of 
the impact of increased access to water (associated with poverty reduction) or vice-versa, the impact of poverty 
exacerbation on societal and ecosystem water metabolism. 
Conclusions 
The implementation of the bioeconomic program designed by Nicholas Georgescu-Roegen entails building a 
socioeconomic and environmental meta-analysis (as a higher level of analysis) associated with the concept of 
metabolism subject to the laws of thermodynamics. This enterprise has multi plemodelling consequences, and as 
Daly (1995) noticed, it draws some very important changes in the way the economic fundamentals are assembled. 
For example, a new ‘entropic flow diagram’ needs to replace the environment-excluding ‘circular flow diagram’ 
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while natural resources and the environment become the focus of development theory. As a result, the idea of 
increasing welfare through continuous growth cannot continue to be the focus of economic policy while the 
evolution of technology needs to be aimed at improving the entropic flow. The entropic world view compels us to 
accept and consider that reducing or eliminating poverty cannot be achieved without redistribution in the same time 
replacing the current consumerist model (needed to increase the economic pie) with a model that promotes the 
maintenance of the entropic flow. 
This paper represents an introduction to the extension of the MuSIASEM approach for poverty analysis. Further 
research will refine the multi-scale integrated analysis of poverty that is sketched here and is based on the mix 
socioeconomic metabolism−MuSIASEM meta-analysis and on Sen’s fulfilled capabilities. This work is important 
because it provides an answer to various questions with reference to the societal option of degrowth or regarding the 
attractiveness of slowing down/changing our economic engine to achieve a ‘poorer’ but healthier society. 
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